Due to the high potential of photoconductive behavior used in electrochromic and sensor devices, tungsten oxide (WO 3 ) is the most promising candidate applied for electrochromic materials, gas sensors, and dye sensitized solar cells. Adsorbing the visible blue light by tungsten oxide nanoparticles would thus be used efficiently to enhance the sun-light harvest efficiency. Recent investigations have been promoted by new methods of ultrafine powder production and their applications. Nanocrystalline tungsten oxide can be prepared by sputtering methods, gas condensation methods, and chemical deposition method. In this study, we would like to prepare of tungsten oxide nanoparticles by chemical deposition method and investigate the experimental parameters of various organic solutions and discuss the relationship between absorbance spectra and which by chemical deposition method. Purged O 2 into the various solvent (i.e. DMF and acetylacetone solution), WCl 6 was added into the solvent slowly and stirred vigorously. During the filtration process solutions were characterized and analyzed by particles size distribution, UV-visible absorption, and TEM observation. The size of tungsten oxide particles synthesized in DMF is smaller than that in acetylacetone solutions from TEM observation. These results may be related to particle sizes or agglomerated behavior of tungsten oxide. In the photochromic data, it exhibits absorbance result due to valence change of tungsten ion and photochromic effect of tungsten oxide nanoparticles. Since some papers also have been reported that the highest intensity of the solar spectrum is in the blue region, the modification of the oxide semiconductor for blue-light absorption will effectively increase the photon harvest from the incident sunlight and thus generate more electronhole pairs in addition to those from dyes. It would be appropriately applied in the design of solar cell devices.
Introduction
Due to the high potential of photoconductive behavior used in electrochromic and sensor device, tungsten oxide (WO 3 ) is the most promising candidate applied in investigation for electrochromic materials, dye sensitized solar cells, and gas sensor. [1] [2] [3] The improved properties of nanostructured material usually result from their enormous surface area, which provides for large quantities of active area to react, i.e. photochromism, where coloration and bleaching steps enhance quickly significantly irradiating bare tungsten oxide thin film with light. 4, 5) Alternative application of tungsten oxide is the photocatalytic water splitting device. It was because that tungsten oxide was designed to absorb the visible blue light, which is the highest intensity region of the solar spectrum. Tungsten oxide nanoparticles will be bound with dyes, those have already absorbed on the Au coated TiO 2 . The electrons on the valence band minimum (VBM) of the blue-light absorbed tungsten oxide nanoparticles could be directly transport to the highest occupied molecular orbital (HOMO) states of the redlight absorbed dyes. Electrons and holes were formed on the conduction band minimum (CBM) and VBM of the tungsten oxide electrode, respectively, when it absorbed the photons with energy higher than 2.6 eV. The holes in the VBM of tungsten oxide oxidized H 2 O to produce O 2 . However, the electrons on the CBM of the tungsten oxide did not possess enough energy potential for the reduction of H 2 O. On the other hand, the dyes on TiO 2 absorbing red light also produced electron-hole pairs. The holes on the HOMO states of the dyes with lower potential than E o (H 2 O/O 2 ) would not perform the oxidation of H 2 O, but would be recombined with the electrons on the VBM of the tungsten oxide. 6) Tungsten oxide can be prepared by many methods including chemical deposition, 7) sputtering, 8) gas condensation, 9) and so on. Since chemical deposition method is a typical sol-gel process, which possesses some advantages, such as simple process, low cost, and easy control. The chemical deposition will be employed to synthesize tungsten oxide nanoparticles. WCl 6 powders will be dissolved in alcohol or in the presence of air. WCl 6 then will be oxidized by purging O 2 into the solution.
Then, chlorine reacts with the alcohol and gives the following chloral compound and the formation of H 2 .
Finally, the hydrogen will reduce WO 3 and give rise to a blue solution of HWO 3 in the solvent.
The mechanism of the formation of HWO 3 in the alcoholic solution is explained in terms of oxidation of WCl 6 by O 2 followed by chlorination of alcohol and formation of H 2 which reduces WO 3 to HWO 3 . Some literatures 7, 10, 11) show the evidence of the reaction.
The chemical deposition method with some advantages of simple process, low cost, and easy control, which accompanied dipping for the preparation of film with tungsten oxide nanoparticles is a convincement process. Use of other solvents such as N,N-dimethylfomamide (DMF) and acetylacetone instead of alcohol in this study, which do not result in reaction (2) or (3) and pure tungsten oxide particles may be formed. This paper has author's originality and it is first time to prepare tungsten oxide nanoparticles by improvement of this method. We adopted this method to synthesize tungsten oxide nano-film to discuss the characteristics of tungsten oxide nanoparticles and the photochromic properties of tungsten oxide nano-films.
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Experimental
Analytical-grade tungsten hexachloride (WCl 6 , 0:4$1:6 mmole) was slowly dissolved in 20 mL of 99.5% of N,Ndimethylfomamide (DMF) or 99.5% of acetylacetone, forming 20$80 mM solution. These solutions then will be oxidized by purging O 2(g) with the pressure of 5 kPa and stirred for 30 min. After filtration, the acidic solutions were finally obtained.
Transmission electron microscopy (TEM) studies were carried out on a JEOL model 2010 electron microscope operating at 200 keV. The samples for TEM were prepared by directly dispersing the fine powders of the product onto 200 mesh holey carbon film on a Cu grid. UV-vis transmission spectra were recorded on Hitachi U-2001 spectrophotometer equipped with an integrating sphere. Accordingly, we collected the light absorbed in all directions (total absorbance).
For the preparation of tungsten oxide nano-films, acidic tungstenic solutions were dipped on glass substrates pretreated with HCl, NaOH, and NH 3(aq) solutions. It was due to increase the absorption of tungsten oxide nanoparticles on the glass substrate to fabricate the tungsten oxide nano-film. These nano-films also heated to 250 C for 12 h. In the photochromic experiments, samples of film were irradiated using 365 nm ultraviolet light, consisting of two 8W Hg vapour tubes, for 2 h. The absorbance of these films was also measured by Hitachi U-2001 spectropotometer.
Results and Discussion

The absorbance of tungsten oxide nanoparticles
Absorbance spectra of the tungsten oxide nanoparticles synthesized in DMF and acetylacetone in Fig. 1 . In DMF solutions, 80 mM of tungsten oxide nanoparticles had a higher absorbance compared with 20 or 40 mM solutions ( Fig. 1(a) ). In acetylacetone solutions in Fig. 1(b) , the higher absorbance of tungsten oxide nanoparticles in acetylacetone would be obtained compared to that in DMF. The highest absorbance of tungsten oxide particles was in 40 mM of acetylacetone. However, they may be related to the size of tungsten oxide particles. Further morphologies of tungsten oxide nanoparticles were investigated.
Morphologies of tungsten oxide nanoparticles
From TEM observation, morphologies of tungsten oxide can be obtained in Fig. 2 . Since the coagulation of tungsten oxide particles in acetylacetone solutions, the average particle sizes of tungsten oxide were larger than that in DMF solutions. These were the reasons why the higher absorbance of tungsten oxide nanoparticles in acetylacetone would be obtained compared to DMF solutions.
We also measured and calculated the average size of tungsten oxide particles in DMF and acetylacetone solutions shown in Fig. 3 . With increasing the concentration of tungsten oxide in acetylacetone, the size of tungsten oxide particle increases. It may be due to the aggregating phenomenon of tungsten oxide in acetylacetone solutions. Tungsten oxide nanoparticles were stable in DMF solutions with the concentration increasing. The stable size of tungsten oxide nanoparticles was about 60 nm.
We would like to realize the stability of tungsten oxide nanoparticles with prolonging the still time. Figure 4 was indicated the average size and optical band gap of tungsten oxide nanoparticles of 20 mM DMF with still time. The average size of as-synthesized tungsten oxide nanoparticles was about 62 nm, which increased after 2 days. Parts of tungsten oxide nanoparticles may aggregate with prolonging the still time. Average size of tungsten oxide nanoparticles reduced after 4 days. It was due to the condensation effect on the larger sizes of tungsten oxide nanoparticles.
The estimated calculations of optical band gap were also analyzed according to Bechinger et al. 4) Using the absorption edge, the indirect E G for initial state was estimated from 3.59 to 3.77 eV (Fig. 4) , in accord with the average sizes of tungsten oxide nanoparticels. It may be relationship between nanoparticles sizes and the optical band gap of tungsten oxide.
3.3 Photochromic properties of tungsten oxide nanofilm Absorbance spectra of tungsten oxide nano-film before and after irradiation of UV light have been investigated (Fig. 5) . The spectra were recorded in the wavelength range between 300 and 900 nm. It exhibits absorbance result due to valence change of tungsten ion and photochromic effect of tungsten oxide nanoparticles. It has already been demonstrated that the photochromic effect in tungsten oxide is intimately connected to optically excited electron-hole pairs which can decompose solvent being incorporated in WO 3 . Thus, the protons together with the optically excited electrons finally lead to the formation of the colored tungsten bronze, HWO 3 , whereas the oxygen is assumed to occupy vacancy sites inside the sample or escape into the ambient atmosphere, respectively. 4) This behavior is usually explained in term of the doublecharge-injection (DCI) model 12) that describe the formation of a tungsten bronze (M x WO 3-y ) with injection of electrons and positively charged ions (
During charge injection, electrons are localized at tungsten sites thereby changing the valence of the tungsten ions from 6 þ to 5 þ . These localized electrons accompany a lattice distortion that forms small polarons. 13) Under the absorption of light these small polarons can hop from sites A to B. This process which is responsible for the color in tungsten oxide is referred as intervalence transfer and can be expressed as: 14) h
Due to the high band-gap energy of tungsten oxide, however, excitation of electron-hole pairs and subsequent coloration is limited to the near-ultraviolet range. 15) If it is applied the photochromic property of tungsten oxide into photovoltaic solar cell, the absorbed efficiency of sunlight can be enhanced enormously.
Conclusions
We have synthesized tungsten oxide nanoparticles by chemical deposition method and investigated the experimental parameters of various concentrations of tungsten oxide nanoparticles in DMF or acetylacetone. We also discussed the relationship between absorbance spectra and the status of tungsten oxide particles by chemical deposition method. The higher absorbance of tungsten oxide nanoparticles in acetylacetone would be obtained compared to that in DMF solutions. They may be related to the size of tungsten oxide particles. Since the coagulation of tungsten oxide particles in acetylacetone solutions, the average particle sizes of tungsten oxide were larger than that in DMF solutions. Tungsten oxide nanoparticles were stable in DMF solutions with the concentration increasing, which sizes were about 60 nm. The indirect E G for initial state were estimated from 3.59 to 3.77 eV, in accord with the average sizes of tungsten oxide nanoparticles. It may be relationship between nanoparticles sizes and the optical band gap of tungsten oxide. In the photochromic experiment, it exhibits absorbance result due to valence change of tungsten ion and photochromic effect of tungsten oxide nanoparticles. It can be applied in the design of solar cell devices. 
